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SYMBOLS 


*r 

Ai 


Nacelle  exit  area,  ft* 

p 

Nacelle  frontal  area,  ft" 

2 

Engine  compressor  inlet  area,  ft 

Reference  area,  based  on  the  blade  plan form  area  exposed  in 
the  test  section,  ft^ 

Blade  chord,  ft. 

D 

Drag  coefficient  =  — — 

VSt 


C*T 


D 

K 

L 

M 


Lift  coefficient  =  — — 

VSt 

Blade  lift  coefficient 

Pitching  moment  coefficient  = 

Y 


Side  force  coefficient  = 


Drag,  lb.,  positive  aft 


VSt 


Internal  total  pressure  loss  coefficient  = 
Lift,  lb.,  positive  up 


pTx  "  pT2 


2  2 

cos  0  cos  a 


Pitching  moment,  ft- lb.,  positive  tending  to  raise  the  leading 
edge  up 

Static  pressure,  p.s.f. 

Total  pressure,  p.s.f. 


p  -  Pc 
*0 


,  where  P  =  pressure  at  the  point  of  interest 


% 

q? 

R 


Remote  or  freestream  dynamic  pressure,  p.s.f.,  =  1/2  pVQ 
Itynamic  pressure  at  the  rotor  blade  tip,  p.s.f.,  =  1/2  pV^ 
Rotor  blade  radius,  ft. 
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SYMBOLS  (CONTINUED) 


V  Forward  flight  speed,  f.p.s. 

Vg  Nacelle  exit  velocity,  f.p.s. 

Vq  Freestreac  velocity,  f.p.s. 

V,j,  Rotor  blade  tip  speed,  f.p.s. 

x-x  Longitudinal  axis 

y-y  Lateral  axis 

Y  Side  force,  lb.,  positive  to  the  right  when  viewing  the  model 
from  the  rear 

z-z  Vertical  axis 

a  Angle  of  attack  of  model,  positive  with  wind  directed  from 
below 

a  Angle  of  incidence  between  nacelle  and  ^ade,  positive  for 
nacelle  inlet  up  with  respect  to  blade 

P  Sideslip  angle,  positive  with  wind  directed  from  the  right 

60^  Nacelle  coefficient  of  drag  at  a  =  0,  referenced  to  A^ 

2 

£>2^  Nacelle  coefficient  of  drag  for  use  with  Cj^ 

82l  Nacelle  coefficient  of  drag  for  use  with  engine  compressor  inlet, 

area  and  ^ 

p  Advance  ratio  =  V/V^ 

p  Air  mass  density,  slugs/ft^ 

Rotor  blade  azimuth  position 

Q  Rotor  rotational  speed,  rad/ sec. 
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SYMBOLS  (CONTINUED) 


Subscripts: 

m  Refers  to  model  axis  system.  This  is  an  orthogonal  body  axis 

system,  aligned  with  the  model  planes  of  symmetry,  and  rotating 
and  translating  with  the  model. 

o  Refers  to  remote  or  freestream  condition. 

s  Refers  to  stability  axis  system.  This  is  an  orthogonal  set  of 

axes  which  rotate  with  the  model  in  yaw,  but  do  not  rotate  in 
pitch. 


Superscripts : 

[]'  Refers  to  nacelle  internal  forces  and  coefficients.  See  Section 
3.6. 

[]"  Refers  to  nacelle  external  force  coefficients,  based  on  compres¬ 
sor  inlet  area  and  dynamic  pressure  at  the  rotor  tip.  See 
Section  6.2. 


Specialized  symbols  for  Section  6.1,  "Strain-Gage  Balance  Reduction 
Method": 

a  Distance  between  the  electrical  centers  of  the  forward  and  aft 
pitch  bridges,  in. 

a.  Distance  between  the  electrical  centers  of  the  forward  and  aft 
^  yaw  bridges,  in. 

D  Balance  axial  (drag)  force,  lb. 

F  Applied  force,  lb. 

K  Conversion  constant,  mv/unit  load 

A  Moment  arm  for  the  balance  normal  force,  in. 

M  Balance  pitching  moment,  in- lb. 

N  Balance  yawing  moment,  in-lb. 

R  Strain-gage  electrical  center  or  reaction  outputs,  volts.  Also 
used  for  balance  rolling  moment,  in- lb. 
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x  Distance  from  bridge  electrical  center  to,  applied  force  "F" 
(see  Figure  2),  in. 

Y  Balance  side  load,  lb. 

8  Interaction  coefficient 

Subscripts  or  Superscripts: 

C  Corrected  for  interactions 

1  Forward  pitch  bridge 

2  Aft  pitch  bridge 

5  Forward  yaw  bridge 

4  Aft  yaw  bridge 

5  Roll  bridge 

6  Axial  bridge 


1.0  SUWKRY 


1.1  General 


Wind-tunnel  tests  were  conducted  to  provide  nacelle  design  information 
which  would  assist  in  the  design  of  the  tip  turbojet  installation.  The 
model  was  constructed  to  provide  f rr  single,  over-under,  and  side-by- 
side  engine  arrangements.  Tha  nacelle  loads  were  measured  with  a  six- 
component  strain-gage  balance. 

Tests  were  conducted  at  nacelle  Reynolds  Numbers  from  ^^0,000  to 
1,830,000  with  most  of  the  data  taken  at  the  higher  value.  The  model 
pitch  angle  was  varied  from  -3  degrees  to  +12  degrees  and  the  yaw  angle 
was  varied  from  -20  degrees  to  +20  degrees.  Nacelle  inlet  to  freestream 
velocity  ratios  were  varied  from  0  to  .7825,  the  maximum  obtainable  with 
freestream  total  pressure  supplying  the  energy  necessary  to  overcome  in¬ 
ternal  losses. 

1.2  Nacelle  Drag 

Drag  coefficients  obtained  from  the  tunnel  tests  indicate  that  the  na¬ 
celle  drag  is  two  to  three  times  the  anticipated  value.  The  source  of 
the  high  drag  is  flow  separation  Originating  from  the  blade  nacelle  junc¬ 
tion  where  the  dual  expansion  on  the  aft  portions  of  the  blade  and  na¬ 
celle  proved  to  be  excessive. 

The  nacelle  aerodynamic  forces  are  appreciably  altered  because  the  normal 
pressure  distribution  is  modified  over  a  large  percentage  of  the  nacelle 
surface  which  is  covered  by  the  blade.  One  result  of  this  modified  pres¬ 
sure  distribution  is  the  nacelle  side  load  at  0  degrees  angle  to  the 
flow  (a  =  0°,  p  =  0°) .  The  expected  symmetrical  drag  versus  sideslip 
angle  was  significantly  altered  as  shown  in  Figures  465,  466,  and  467  of 
the  Appendix  (Section  6.0) . 

1.3  Nacelle  Inlet  Flow 

All  tne  nacelle  configurations  showed  acceptable  inlet  flow  conditions 
at  nominal  angles  (less  than  (?) .  For  higher  angles  of  attack  or  side¬ 
slip,  the  inlet  total  pressure  recovery  decreased  and  the  velocity  pro¬ 
file  deteriorated.  Addition  of  a  protruding  centerbody  effectively  pre¬ 
vented  internal  lip  separation  and  maintained  good  velocity  profiles 
throughout  the  range  of  test  variables,  with  little  or  no  effect  of 
centerbody  geometry. 

Dual  engine  inlets  produce  a  mutual  interference  which  is  manifested 
when  one  inlet  is  upstream  of  the  other.  The  downstream  engine  has  poor 
pressure  recovery  and  at  the  extreme  angles  has  unsteady  flow. 
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1.4  Nacelle  Airloads  at  Typical  Forward  Flight  Condition 

A  discussion  is  presented  in  the  Appendix  (Section  6.0)  to  illustrate 
the  method  used  to  determine  nacelle  airloads  as  they  vary  with  blade 
azimuth  position  during  forward  flight.  The  configuration  used  for  this 
example  is  a  single-engine  nacelle  with  a  conical  spinner  and  no  nacelle 
exit  restriction.  Lift,  drag,  and  side  force  coefficients,  based  on  com¬ 
pressor  inlet  area  are  calculated  and  presented  vectorially  for  two  ad- 
vance  ratios,  \x  =  O.I76  and  p  =  0.364.  Schematic  diagrams  of  external 
and  internal  pressure  distributions  are  presented  for  the  same  two  ad¬ 
vance  ratios  and  blade  azimuth  positions  of  0°,  90°,  180 °,  and  270°. 

1.5  Comparison  of  Wind-Tunnel  Nacelle  Drag  to  Parametric  Study  Values  « 

Nacelle  drag  coefficients,  based  on  frontal  area,  are  compared  (in  the 
Appendix)  with  values  used  in  the  parametric  design  study  (Reference  4) 
as  well  as  published  literature  so  that  (a)  the  applicability  of  the  as¬ 
sumptions  in  the  parametric  study  can  be  evaluated,  and  (b)  improvements 
of  nacelle  designs  from  those  used  in  the  wind-tunnel  tests  can  be  made. 

The  influence  of  nacelle  fineness  ratio  and  Reynolds  Number  on  draff  co¬ 
efficients  are  shown. 


♦ 
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2.0  CONCLUSIONS 


2.1  Nacelle  Aerodynamic  Forces 

The  aerodynamic  flow  and  the  net  forces  are  appreciably  altered  by  the 
large  percentage  of  the  nacelle  which  is  covered  by  the  blade  tip.  The 
nacelle  produces  a  side  load  for  a  sideslip  angle  of  0  degrees,  indicat¬ 
ing  an  altered  pressure  distribution.  In  addition,  the  presence  of  the 
blade  on  the  nacelle  causes  an  unsymmetrical  variation  of  drag  with 
sideslip  angle;  i.e.,  the  drag  increases  with  increasing  sideslip  angle 
and  decreases  with  decreasing  sideslip  angle,  as  shown  in  the  Appendix, 
Figures  462,  463,  a  id  464. 

2.2  Nacelle  Drag 

The  drag  coefficients  obtained  are  unusually  high  and  result  from  sepa¬ 
ration  at  the  blade-nacelle  junction.  Improved  design  of  the  blade- 
nacelle  area  should  result  in  drag  coefficients  equal  to  or  less  than 
the  values  used  in  the  parametric  study.  Additional  wind-tunnel  testing 
of  revised  junction  contours  would  be  necessary  to  confirm  improvements. 

2.3  Nacelle  Inlet 


All  the  nacelle  inlet  configurations  had  acceptable  inlet  flow  condi¬ 
tions  at  nominal  angles  of  attack  (less  than  (?) .  At  higher  angles, 
total  pressure  recovery  and  velocity  profiles  were  acceptable  only  for 
the  inlets  with  centerbodies.  The  centerbody  effectively  prevented 
internal  lip  separation  and  the  inlets  maintained  good  velocity  pro¬ 
files  throughout  the  range  of  angles  tested. 

2.4  Nacelle  Configuration 

Hie  single  engine  nacelle  provides  the  minimum  drag  and  net  integrated 
side  force  of  any  configuration  when  based  on  an  equivalent  installed 
power. 

For  dual  nacelles  the  side-by-side  configuration  has  the  lowest  drag 
and  side  loads,  and  the  inlet  losses  are  minimum,  for  advance  ratios 
less  than  .2125*  For  greater  advance  ratios,  the  sideslip  angle  exceeds 
the  maximum  pitch  angle  which  results  in  the  over-under  configuration 
having  lower  inlet  losses. 


3.0  DISCUSSIOII 


3.1  Introduction 


These  tests  were  conducted  to  obtain  data  for  comparison  with  similar 
configurations  tested  by  other  agencies  and  to  define  potential  problem 
areas.  The  basic  nacelle  shapes  vere  designed  using  NACA  developed  in* 
let  and  afterbody  contours.  These  basic  contours  vere  incorporated  into 
nacelle  designs  which  would  allow  changes  in  engine  arrangements  (single, 
twin  over- under,  and  twin  side-by-side),  and  nacelle  inlet  configurations. 
The  basic  NACA  contours  vere  modified  to  provide  this  flexibility,  with 
a  minimum  increase  in  cost.  The  tunnel  data  is  therefore  considered  as 
a  first  approximation  to  the  final  configuration. 

An  engine  nacelle,  mounted  on  a  rotor  blade  tip,  will  experience  cyclic 
variations  in  angle  of  attack,  angle  of  yaw,  dynamic  pressure,  Mach  num¬ 
ber,  and  inlet  mass  flov.'  While  the  actual  aerodynamic  conditions  are 
transient,  this  test  program  was  conducted  under  steady- state  conditions. 

3*2  Test  Equipment 

3*2.1  Wind-Tunnel  Ihclllty 

The  test  program  was  conducted  in  the  U.  S.  Naval  Postgraduate  School, 
Monterey,  California.  This  is  a  closed  return  type  wind-tunnel  with  a 
32-  by  45- inch  test  section.  Tlinnel  drive  is  by  a  constant  speed  elec¬ 
tric  motor  with  dynamic  pressure  controlled  by  blade  pitch  setting. 
Several  ranges  of  dynamic  pressure  are  available  through  a  four- speed 
automotive  transmission.  The  test  section  is  vented  to  atmospheric 
pressure . 

The  majority  of  the  testing  was  conducted  at  a  nominal  dynamic  pressure 
of  48  p.s.f.,  with  a  corresponding  Reynold;*  Number  of  1,200 ,000  per  foot. 
A  short  series  of  runs  were  made  at  dynamic  pressures  from  3  to  48  p.s.f 
to  establish  the  effect  of  Reynolds  Number. 

3.2.2  Model  Description 

General: 


The  1/4- scale  nacelle  models  vere  mounted  on  the  tip  of  a  segment  of 
rotor  blade  span.  The  rotor  blAde  extended  through  the  side  of  the  test 
section,  and  vas  of  sufficient  length  to  position  the  model  near  the  cen¬ 
ter  of  the  test  section.  Figure  4  shows  a  model  positioned  in  the  test 
section  at  a  small  angle  of  attack  and  yaw.  A  photograph  of  the  pitch 
and  yaw  methcnism,  mounted  outside  of  the  test  section,  is  shown  in  Fig¬ 
ure  5*  She  support  system  is  variable  in  pitch  about  the  blade  quarter  • 

chord  line,  and  in  yaw  about  a  vertical  axis  located  just  outside  of  the 
viewing  window.  The  loads  are  transmitted  from  the  nacelles  and  blade 
through  strain-gage  balances  to  the  supporting  structure.  The  location 
and  description  of  these  balances  are  described  in  Section  6.1. 
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Blade  Segment: 


The  blade  contour  corresponds  to  an  NACA  0015  airfoil  section.  Figure  6 
shows  the  planfonu,  section  characteristics,  and  pressure  tap  locations 
for  the  blade  segment.  This  figure  also  shows  the  complete  assembly  of 
the  blade,  including  the  twin  side-by-side  nacelle  and  support  structure. 

Single  Nacelles: 


Four  single-nacelle  configurations  were  tested.  They  are  identified  as 
1-40-100,  1-40-115,  1-40-130,  and  1-50-100.  Figures  7  and  8  show  cross 
sections  of  these  nacelles,  illustrating  their  relative  size  and  coamon 
•  dimensions.  The  nacelle  code  numbers,  such  as  1-40-115,  identify  the 

forebody  contour.  This  code  is  a  modification  of  the  designation  used 
in  Reference  1  (NACA  Report  980).  The  following  example  illustrates  the 
meaning  of  each  term. 

...  1-40-115 

\  " 

(d/D)x  100  (X/D  x  100) 


where:  d  =  inlet  diameter 

D  *  maximum  outside  diameter 
X  »  total  forebody  length,  minus  .5  in. 


Identifies  NACA  contour 
series  of  Reference  1; 
applies  to  7*5  Inches 
aft  of  inlet  only. 
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Detailed  drawings  of  the  forebody  contours,  including  tables  of  ordinates, 
are  given  in  Figure  9. 

The  afterbody  contours  (aft  of  the  maximum  diameter)  are  identical  for 
all  nacelles.  A  modified  NACA  111  body  from  Reference  2  (NACA  TR  1038) 
vas  used  as  the  basic  shape  for  the  afterbody  contour.  A  detailed  draw¬ 
ing  of  the  afterbody,  including  the  table  of  ordinates,  is  given  in  Fig¬ 
ure  11. 

The  internal  dimensions  of  the  nacelles  consist  of  a  diverging  or  converg¬ 
ing  inlet,  followed  by  a  straight  section  and  nozzle.  The  inlets  are 
detailed  on  the  forebody  drawings  of  Figure  9*  The  straight  section  and 
exit  nozzle  are  identical  for  all  nacelles  and  are  detailed  on  Figure  6. 

The  centerbody  shapes  were  tested  with  nacelle  1-50-100  only.  Two  center- 
body  shapes  were  investigated,  one  a  conical  shape  and  the  other  an  NACA 
1-30-40  series  spinner.  The  centerbody  profiles  and  table  of  ordinates 
are  given  in  Figure  12. 

The  single  1-40-100  nacelle  was  mounted  at  incidence  angles  (a.)  of  0,  3, 
and  6  degrees  with  respect  to  the  plane  of  symmetry  of  the  blade  segment. 
All  other  nacelles  were  tested  with  their  axes  in  line  with  the  blade 
plane  of  symmetry. 

Twin  Nacelles: 


The  twin  nacelles  consisted  of  two  1-40-100  nacelles  with  a  smooth  con¬ 
tour  faired  between  them.  Two  twin  configurations  were  tested;  one  with 
the  engines  mounted  over-under  with  their  axes  in  a  plane  perpendicular 
to  the  rotor  blade  plane  of  symmetry,  and  the  other  with  the  engine  axes 
mounted  side-by-side  and  parallel  to  the  rotor  blade  plane  of  symmetry. 
Three-view  drawings  of  these  twin  nacelles  are  given  in  Figures  13  and  14. 

Fairings : 


Fillet  fairings  were  made  for  the  nacelie-blade  juncture  of  all  nacelles. 

They  consisted  of  plastic  reinforced  with  glass  cloth  and  were  trimmed 

to  allow  about  l/l6-inch  clearance  between  fairing  and  nacelle.  It 

should  be  emphasized  that  the  fairings  tested  were  corner  fillets  only 

and  are  simply  a  first  step  in  a  fairing  design  program  to  evaluate  the 

magnitude  of  the  nacelle-blade  interference  drag.  The  single  1-40-100 

nacelle  was  run  both  with  and  without  fairings.  The  other  single  nacelles 

were  tested  without  fairings  only.  The  twin  side-by-side  nacelle  was  run 

both  with  and  without  fairings.  The  twin  over-under  nacelle  was  tested 

with  the  fairing  only.  Photographs  of  the  fillet  fairings  are  shown  in 

Figure  15*  * 

A  trailing  edge  wake  fairing  was  tested  on  the  twin  over-under  nacelle, 
in  addition  to  the  fillet  fairings.  The  nacelle  is  shown  with  and  with¬ 
out  this  fairing  on  Figure  l6. 
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Exit  Orifices: 


To  meter  the  internal  flow,  engine  exit  orifices  of  several  sizes  were 
provided  as  shown  in  Figure  n.  These  exit  orifices  provided  five  free- 
stream "to -inlet -velocity  ratios  of  .765,  .675,  -590,  .4l6,  and  G.C,  for 
the  1-40-100  engine  geometry  and  somewhat  less  depending  on  the  internal 
losses  for  the  other  configurations. 

Complete  Model: 


Three-view  drawings  of  the  assembled  model  are  provided  in  Figures  17, 
l8,  and  19.  These  figures  show  the  1-40-10C  single  nacelle,  the  twin 

*  over-under  nacelle,  and  the  twin  side-by-side  nacelle,  respectively. 

The  nacelles  are  mounted  on  the  blade  segment  and  shown  relative  to  the 
wind-tunnel  walls  for  zero  angle  of  attack  and  yaw. 

Photographs  of  the  assembled  models  are  provided  in  Figures  2C  through  27. 
These  photographs  show  the  complete  configuration,  grouped  in  their  order 
of  testing,  except  for  the  following  pictures  of  special  interest.  In 
the  single  1-40-XXX  nacelle  series,  only  the  1-4C-100  nacelle  is  shown 
completely,  Figure  21.  The  1-40-XXX  series  forebodies  and  inlets  are 
compared  in  Figure  22.  Figure  27  shows  the  internal  structure  of  the 
model,  with  locations  of  the  internal  pressure  rake  and  both  internal 
strain-gage  balances. 

3.2.3  Pressure  Tap  Locations 

The  external  pressure  distribution  was  obtained  by  a  series  of  pressure 
taps  installed  on  the  outer  surfaces  of  the  nacelles  and  blade  segment. 

The  locations  of  these  pressure  taps  sure  identified  on  Tables  1  through 

4. 

Inlet  performance  was  monitored  by  a  survey  of  total  and  static  pressures 
at  the  engine  compressor  face  station.  A  detailed  drawing  of  the  internal 
rake  is  given  in  Figure  12,  and  a  photograph  of  the  rake  installed  in  the 
model  is  shown  in  Figure  27*  The  inlet  pressure  tap  locations  are  identi¬ 
fied  on  Figures  28,  29;  and  30. 

3.2.4  Strain -Gage  Balances 

,  Two  internal  strain -gage  balances  were  used  for  measurement  of  forces  and 

moments.  One,  a  five -component  balance  of  Hiller  Aircraft  Company  design, 
determined  lift,  drag,  and  pitching  moment  of  the  complete  model.  The  sec¬ 
ond  balance  ( Chance- Vought  Aircraft  Corp.),  a  six-conponent  instrument, 
was  used  for  determination  of  lift,  drag,  side  force,  and  pitching  moment 

*  of  the  nacelle  only. 

A  description  of  both  balances,  including  the  calibration  constants,  in¬ 
teractions,  and  resulting  force  and  moment  equations, is  provided  in  the 
Appendix,  Section  6.1. 
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PRESSURE 

TABIE  1 

TAP  LOCATION  FOR  ALL  SHG1£  HACELI£S 

X 

Froa 

Leading  Edge 
(See  Pig.  10.) 

Top 

Tube 

So. 

Outboard 

Tube 

■0. 

Bo t tea 
Tube 

Mo. 

.12 

Ill 

121 

131 

.42 

112 

122 

132 

.86 

113 

123 

1.28 

114 

124 

133 

1.70 

115 

125 

2.13 

1 16 

126 

134 

2.56 

117 

127 

3.31 

118 

128 

135 

5.12 

119 

129 

136 

6.82 

120 

130 

137 

x  Aft  Of 

Maxima  Dia. 

(See  Fig.  11.) 

.58 

99 

103 

2.28 

98 

102 

5.71 

97 

101 

8.57 

96 

100 

TfU&E  3 

PRESSURE  TAP  LOCATIONS  LOCATED  Off 

CanSRLDE  OF  FA2RI1G  BETWEEN  WB  SACELIZS 

X 

From  Leading 

Over- Under 

Side-by-Side 

Edge 

Outboard 

Upper  Surface 

(See  Pigs.  13  &  1*0 

Configuration 

Configuration 

.10 

125 

118 

•  50 

126 

119 

1.00 

127 

120 

1.50 

128 

121 

2.00 

129 

122 

2.50 

130 

123 

3.00 

131 

12* 

*.00 

132 

125 

6.00 

133 

126 

8.00 

13* 

127 

x  Aft  of 

Maximum  Dla. 

(See  Fig.  13.) 

1.28 

99 

99 

2.28 

98 

98 

7.28 

97 

97 

10.68 

96 

96 

TABLE  k 

BLADE  FRESSSJFE  TAP  LOCATIOHS 


Pressure  Tap 
Percent 
x/e 

(See  Pig.  6.) 

Outboard 

Station 

Tube  Ho. 

Inboard 
Station 
Tube  Ho. 

*5 

6 

27 

2.5 

7 

28 

5.0 

8 

29 

7.5 

9 

30 

10.0 

10 

31 

12.5 

11 

32 

15.0 

12 

33 

20.0 

13 

3* 

30.0 

11* 

35 

1*0.0 

15 

36 

50.0 

16 

37 

6o.o 

17 

38 

80.0 

18 

39 

97.0 

19 

1*0 

8o.o 

20 

1*1 

6o.o 

21 

1*2 

1*0.0 

22 

*3 

20.0 

23 

1*1* 

12.5 

24 

*5 

7-5 

25 

1*6 

2.5 

26 

1*7 

3.2.5  Recording  Equipment 
Force,  Moment, and  Position  Data: 


All  the  data  recording  was  handled  by  a  Hewlett-Packard  Dyrcec  Multiple- 
Channel  Data -Logging  System  (D3f-59^2B),  Figure  31.  In  addition  to  sup¬ 
plying  power  to  the  strain  gage  bridges,  this  system  recorded  the  eleven 
strain  gage  outputs,  the  angle  of  attack  and  angle  of  yaw  potentiometer 
outputs,  the  wind-tunnel  dynamic  pressure,  and  the  identifying  run  number. 

Data  recording  was  in  two  forms:  typed  tabulation  and  punched  "Flexo- 
writer"  paper  tape.  Upon  signal  from  the  operator,  data  were  read  and 
recorded  one  component  at  a  time  in  a  predetermined  automatic  sequence. 
Time  required  to  read  and  record  15  conponents  of  data  at  a  single  test 
point  was  about  one  minute. 

Vibratory  transients  in  the  strain  gages  were  damped  within  Dymec  by 
averaging  each  gage  output  over  a  one-second  interval  and  recording  this 
average  reading. 

Pressure  Data- 


All  of  the  pressure  data  were  measured  on  a  multiple  manometer  board. 
The  data  were  recorded  by  photographing  the  board  with  a  35~mm  camera. 

3-3  Operating  Procedures 

A  standard  operating  procedure  was  followed  throughout  the  testing. 

a.  At  the  start  of  each  day,  the  recording  equipment  and  strain- 
gage  balances  were  turned  on  and  allowed  to  come  to  ope re ting 
temperature . 

b.  At  the  start  of  each  day,  or  at  the  beginning  of  eac.i  config¬ 
uration  series,  the  model  was  pitched  through  the  desired  angle 
of  attack  range  with  the  wind  off.  The  strain-gage  outputs  were 
recorded  at  the  maximum,  minimum,  and  an  intermediate  angle  of 
attack  to  obtain  the  model  weight  and  balance  tares. 

c.  The  tunnel  was  started  and  brought  to  the  desired  dynamic 
pressure. 

d.  The  model  was  positioned  to  the  desired  angle  of  attack  and 
sideslip. 

e.  Data  was  recorded. 

f.  Steps  d  and  e  were  repeated  until  the  desired  angle  series 
was  completed. 

g.  The  tunnel  was  shut  down. 
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3-4  Data  Reduction 


3-4.1  Definition  of  FI  cal  Reduced  Coefficients 

The  final  reduced  coefficients  cure  presented  in  terms  of  stability  axis 
forces  and  moments,  as  defined  belov. 


D 

s 


• 

Cp  -  Drag  coefficient 

_  _ s 

(1) 

ft 

=  Lift  coefficient 

L 

s 

(2) 

Cjj  =  Pitching  moment  coefficient 

.  \ 
c0Yc/1,) 

(3) 

Cy  =  Side  force  coefficient 

Y 

s 

VS* 

(4) 

3.4.2  Stability  Axis  Reference  System 

The  forces  and  moment  used  to  obtain  the  above  coefficients  have  been 
resolved  in  a  stability  axis  reference  system.  This  is  an  orthogonal 
set  of  axes  which  rotate  with  the  model  in  yaw,  but  do  not  rotate  in 
pitch.  The  forces  and  moments  are  illustrated  in  Figures  32  and  33  and 
are  discussed  below. 

D  *  Drag,  lb.,  positive  aft. 
s 

This  component  of  model  force  is  perpendicular  to  the  blade 
quarter  chord  axis  and  lies  in  a  plane  which  is  parallel  to  the 
tunnel  floor. 

Ls  =  Lift,  lb.,  positive  up. 

This  component  of  model  force  is  always  perpendicular  to  the 
tunnel  floor,  for  all  pitch  or  sideslip  angles  of  the  model. 

=  Pitching  moment,  ft- lb.,  positive  leading  edge  up. 

This  is  the  pitching  moment  about  the  blade  quarter  chord  axis. 
(Note  that  the  pitching  moment  coefficients  for  the  nacelle-only 
are  plotted  negative,  so  they  would  not  be  superimposed  on  the 
nacelle  drag  and  lift  coefficients.) 

Y  =  Side  force,  lb.,  positive  to  the  right  when  viewing  the  model  from 
the  rear. 

This  component  of  model  force  is  parallel  to  the  blade  quarter 
chord  axis. 
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The  forces  and  moments  were  nondirr.ens localized  by  the  following  terras: 


-  tunnel  freestream  dynamic  pressure,  p.s.f. 

2 

Ap  =  blade  planforo  area  exposed  in  the  test  section,  ft 

=  2'^9  +  (1-875  sin  1}  (5) 

Hus  equation  accounts  for  the  variation  in  blade  area  with  £,  due  to 
the  blade  being  rotated  about  a  point  on  the  quarter  chord  axis  catside 
of  the  test  section. 

c  -  blade  chord,  ft. 

Hie  same  Ap,  and  c  were  used  to  calculate  the  nacelle  coefficients 
as  were  used  to  calculate  the  complete  model  coefficients.  Since  the 
reference  area  is  a  function  of  sideslip  angle,  plotted  nacelle  coeffi- 
cieitns  may  be  directly  compared  only  at  the  same  value  of  sideslip 
angle.  If  it  is  desired  to  compare  nacelle  coefficients  at  different 
sideslip  angles,  the  plotted  data  must  be  multiplied  by  the  reference 
area  associated  with  each  value  of  sideslip  angle,  and  then  the  resultant 
values  must  be  divided  by  some  constant  reference  area.  Reference  areas, 
calculated  from  Equation  (5),  are  tabulated  below  for  convenience: 

P.  deg.  AR.  ft2 


20 

2.760 

10 

2.617 

0 

2.470 

-10 

2.307 

-20 

2.119 

3.4.3  Force  and  Moment  Transfer  from  Model  Axes  to  Stability  Axes 

The  aerodynamic  forces  and  moments  were  obtained  from  the  electrical 
outputs  of  the  strain-gage  balances  by  the  equations  presented  in  the 
Appendix,  Section  6.1.  These  equations  provide  the  aerodynamic  forces 
and  moments  referenced  to  the  model  axes.  The  model  axis  system  is  an 
orthogonal  body  axis 'system,  aligned  with  the  model  planes  of  symmetry, 
and  rotating  and  translating  with  the  model. 

Figures  32  and  33  show  the  model  and  stability  axis  systems  to  have 
identical  y-y  axes,  Hie  z-z  and  x-x  axes  are  contained  in  a  plane  per¬ 
pendicular  to  the  blade  quarter- chord  axis  for  both  systems,  and  differ 
only  in  ths  angle  a.  We  nay  therefore  write  the  transfer  equations  by 
looking  at  the  z-z  -  x-x  plane  only.  Figure  2  relates  the  model  and 
stability  axis  forces  and  moments. 


Figure  2.  Relationship  of  Model  and  Stability  Axis  Forces. 

The  transfer  equations  nay  be  written  directly  from  the  above  figure. 


D  - 
s 

D  cos  a  + 
m 

L  sin  a 
m 

(6) 

Ls  = 

-D  sin  a  + 
m 

L  cos  a 
m 

(7) 

M  = 
s 

M 

m 

(8) 

Ys  = 

Ym 

(9) 

Equations  (6)  through  (9)  apply  to  the  nacelle-only  forces  as  well  as  the 
complete  model  forces.  In  the  case  of  the  nacelle-only,  the  angle  of 
attack,  a ,  will  have  to  be  increased  by  the  angle  of  incidence  between 
the  nacelle  and  the  blade. 

3.^.4  Effect  of  Model  Weight  and  Strain-Gage  No-Load  Tares 

Prior  to  starting  the  tunnel,  for  each  configuration-  series  or  break  in 
continuous  testing  sequence,  the  model  was  pitched  through  the  angle  of 
attack  range.  The  strain-gage  outputs  were  then  recorded  at  the  maximum, 
minimum,  and  an  intermediate  angle  of  attack.  This  established  a  curve 
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of  vind-off  strain-gage  outputs  as  a  function  of  angle  of  attack.  These 
vind-off  outputs  were  subtracted  from  the  wind- on  readings,  to  provide 
the  strain-gage  outputs  due  to  airloads  only. 

3.4.5  Wind-Tunnel  Wall  Corrections 

Corrections  for  the  effect  of  the  wind- tunnel  walls  were  applied  to  the 
angle  of  attack  and  dynamic  pressure.  Corrections  to  the  forces  and  mo¬ 
ments  were  found  to  be  insignificant,  and  were  not  included. 

The  corrections  were  calculated  by  the  methods  outlined  in  Section  6:30 
of  Reference  3* 

Correction  to  Angle  of  Attack: 

Froai  Squat ion  (6167)  of  Reference  3  we  have: 

a  ■  “u  *  8(|)  cl<57.3)(1  ♦  Tj) 

where:  a  ■  corrected  angle  of  attack,  degrees 

»  uncorrected  angle  of  attack,  degrees 

8  *  boundary  correction  factor 

2 

S  »  wing  area,  feet 

2 

C  »  test  section  area,  feet 
»  lift  coefficient 
%2  *  streamline  curvature  effect 

Substituting  in  the  above  equation,  and  replacing  with  the  product  of 
the  uncorrected  lift  curve  slope  and  uncorrected  angle  of  attack,  we  have: 

a  ■  1.152a^  fcr  the  single  and  twin  over-under  nacelle  configuration 
a  »  1.2850^  for  the  twin  Bide-by-side  nacelle  configuration 

Correction  to  Dynamic  PreBBure: 

From  Equation  (6:64)  of  Reference  3  we  have: 

V  *U  [1  +  2^sbW  +  ^sbB  +  £vbO 

corrected  dynamic  pressure,  psf 
uncorrected  dynamic  pressure,  psf 
solid  blocking  effect  for  a  wing 
solid  blocking  effect  for  a  body 
wake  blocking  effect 


where: 


% 

% 

CsbV 

CsbB 

^wb 
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Substituting  in  the  above  equation,  we  have: 


qo  =  1.056  qu 
qo  =  1.06l4qu 
qQ  ■  1.084?^ 


for  the  blade  stub  alone 

for  the  single  nacelle  configuration 

for  both  twin  nacelle  configurations 


3-4.6  Position  Indication 

Tbe  model  pitch  and  yaw  angles  were  measured  by  potentiometers  attached 
to  the  model  support  mechanism.  The  potentiometers  provided  a  linear 
output  proportional  to  the  length  of  jack  screws  which  positioned  the 
model  attitude.  The  outputs  were  calibrated  in  terns  of  model  angle  of 
attach  and  sid“slip.  The  pitch  and  yaw  jack  screws  and  one  of  the  poten¬ 
tiometers  are  visible  in  Figure  5* 

3-4.7  Measurement  of  Tunnel  Dynamic  Pressure 

The  test  section  dynamic  pressure  was  measured  by  two  separate  means. 

The  primary  method  was  to  record  the  difference  between  total  prt  ;sure 
in  the  settling  chamber  and  test  section  static  pressure.  The  test  sec¬ 
tion  static  was  obtained  from  four  pressure  taps  located  in  the  tunnel 
walls,  at  the  upstream  edge  of  the  test  section.  This  pressure  differ¬ 
ence  was  related  to  a  calibration  of  test  section  dynamic  pressure,  made 
with  no  model  in  the  test  section.  This  value  of  dynamic  pressure  was 
recorded  by  the  Dymec  Data  System,  corrected  for  tunnel  wall  effects 
(Section  3.4.5 ),  and  used  in  the  reduction  of  force  and  moment  data  to 
coefficient  form. 

The  additional  means  of  measuring  dynamic  pressure  was  by  a  pitot- static 
tube  located  at  the  upstream  station  of  the  test  section.  This  pressure 
measurement  was  recorded  on  the  manometer  board. 

3.4.8  Repeatability 

A  pitch  run,  at  near  zero  yaw  angle,  was  repeated  one  week  apart  for  the 
twin  over-under  nacelle  configuration.  The  test  variables  were  the  same 
for  both  runs  (runs  135  and  235),  except  for  approximately  .5  degree  dif¬ 
ference  in  sideslip  angle.  The  data  from  both  runs  is  plotted  on  Fig¬ 
ures  442  and  443  for  comparison.  The  difference  in  data  between  the  two 
runs  may  be  somewhat  attributed  to  the  yaw  angle  change. 

3-5  Summary  of  Test  Runs 

Tables  5  and  6  present  a  summary  of  the  complete  run  schedule  given  in 
Section  5.1.  These  tables  show  the  test  program  summarized  in  groups 
of  major  configuration  changes.  Photographs  of  the  model  are  referenced 
for  each  configuration. 


Table  5  lists  the  runs  vhere  force,  moment, and  pressure  data  were  re¬ 
corded.  The  force  and  pressure  testing  was  followed  by  a  brief  program 
of  flow  visualization  summarized  in  Table  6.  This  program  employed  rows 
of  tufts  taped  to  the  model  to  indicate  local  flow  direction,  relative 
turbulence,  and  flow  separation.  Photographs  of  the  tufts  were  taken  at 
selected  values  of  pitch  and  yaw  angles,  and  are  presented  in  Section  j.2. 
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TUFT  PHOTOS  (NO  DATA  HBOOBDSD) 
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5-6  Internal  Drag 


The  tip  turbojet  model  was  constructed  so  that  inlet  flow  conditions 
could  be  siitulat&d  by  controlling  mass  flow  with  the  exit  (lates.  In 
providing  for  ard  controlling  the  internal  flow,  forces  are  created 
which  must  be  removed  before  engine  net  thrust  and  nacelle  drag  can  be 
combined  for  total  blade  tip  force.  Due  to  "the  relative  clean  internal 
lines  on  the  model  nacelle,  the  internal  drag  is  small  compared  to  the 
total  nacelle  drag.  The  internal  forces  produce  lift  and  side  loads  in 
addition  to  the  drag. 

The  internal  force  coefficients  are  plotted  (Figure  to  67)  for  each 
internal  configuration.  To  obtain  the  internal  force  coefficients  for 
either  dual  engine  configuration  the  1-40-100  coefficients  are  doubled. 
This  is  possible  because  the  internal  geometry  is  identical  to  two  sin¬ 
gle  1-40-100  nacelles. 

To  determine  the  internal  forces  that  are  to  be  subtracted  from  the  meas¬ 
ured  nacelle  airloads,  an  analysis  of  the  internal  flow  is  required. 

The  force,  velocity,  and  momentum  terms  are  vector  quantities.  The  inlet 
momentum  vector  (  m  V  )  is  in  the  Y-D  plane  with  components  mV  cos  P  in 
the  drag  direction  and  mV  sin  p  in  the  -Y  direction.  (See  F?gure  34). 
The  exit  momentum  is  in  tfie  L-D  plane  with  components  mV  cos  a  and 
mV  sin  a  in  the  drag  and  lift  directions,  respectively.  The  equations 
for  the  forces  are: 


D1  =  mV  cos  P  -  mV  cos  at 
o  e 

L*  =  mV  sin  a 
e 

Y'  =  -mVQ  sin  p 


Let 


ve/v  =  \ 

-  W*  (^)r  =  VR2(jpA 
'  »AeVe2  '  Q)X2 


mV  =  p  A  V  V 
o  e  e  o 


mV  = 
e 


Define  the  force  coefficients  as: 
i  v' 

n  * 


D 


q^AjJ  =  2^Ae/AR^X^COS  ^  X  cos  Q:) 
=  2(Ae/AR)  \2 sin  at 


(10) 

(11) 

(12) 


(13) 

(14) 
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°Y 


Y' 


-2(Ae/AR)  X  sin  3 


f!5) 


The  velocity  ratio  (X)  is  dependent  upon  the  total  pressure  ratio  across 
the  engine,  which  supplies  the  energy  to  overcome  the  internal  total 
pressure  loss.  T^e  total  axial  pressure  at  the  engine  inlet  (station  (^ ) 
is: 

2  2 

Pt  =  P  +  q^  cos  3  cos  a 


Define  the  internal  total  pressure  loss  coefficient  as  K. 


**1  - 

a  -  2  2 

q^  cos  3  cos  a 

2  2  2  2 
K  ^  cos  3  coa  a  =  PQ  +  cos  3  cos  a  -  P^  -  q^ 


But:  =  P 

e  o 

2  2  2  2 

K  q^  cos  3  cos  <X  =  qo  cos  3  cos  a  -  q^ 


2  2 

-»  cos  3  cos  a 


qe/qQ  =  X2  =  (l  -  K)  cos23  cos^a 


X  =  cos  3  cos  a  (l  -  K) 


* 


(16) 


The  contraction  ratio  behind  the  exit  plate  can  be  determined  from  Figure 
55  and  the  geometric  model  parameters  listed  in  Table  7.  The  blade  aree 
within  the  tunnel  is  used  as  the  reference  area  (Ap).  This  area  varied 
with  3,  as  the  yaw  pivot  point  was  outside  of  the  wind  -tunnel  boundary. 

^  =  2*959  +  (1,875  sin  p  "  1)  (l7) 


The  internal  total  pressure  loss  coefficient  K  was  determined  from  test 
data.  The  maximum  loss  will  be  associated  with  the  largest  exit  area  and 
maximum  thus  providing  the  maximum  internal  velocity.  The  nacelle 

and  balance  were  mounted  in  the  normal  way  (single-engine  configuration). 
A  blower  and  tubing  were  arranged  so  as  to  force  air  through  the  nacelle. 
A  small  gap  was  maintained  between  the  engine  inlet  and  the  blower  tube 
so  that  forces  could  not  be  transmitted  through  the  structure.  The  leak¬ 
age  flow,  from  the  gap,  emitted  at  right  angles  to  the  engine  centerline 
so  that  the  measured  drag  force  contained  no  external  drag  and  was  en¬ 
tirely  due  to  the  internal  drag. 


Equations  (15)  and  (l6)  are  combined  to  express  internal  drag  in  terms 
of  the  internal  total  pressure  loss  coefficient. 
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CD  *  2(  VV  «°A  cos  a  (!-*)*  -  C0»2P  co.5a  (1-K) 


Ci 


grA-/^}  *  cos  p  cos  a  (1-K)*  -  cos  p  co6^a  (1-K) 
For  P  =  a  =  0° 


sryy  ■  (1-K)i  -  (1-K)  - 

*  S' 

(1-K)  -  (1-K)  +  5-V  =  0 


V*2<VV 


(1-K)*  + 


1  ±  ifl  D7 
5 


(18) 


Substitution  of  the  measured  drag  (from  the  blower  tests )  and  a  into  Equa¬ 
tion  (18)  provides  the  internal  total  pressure  loss  coefficient  K  and, 
therefore,  the  data  necessary  to  complete  the  calculations  of  the  force 
coefficients.  Table  7  contains  the  factor  (l-K)^  for  each  configuration. 


— Inlet  |-*- 


BCLt  plate  -  ■ 


l 


r- 

- 

_ i 


i 


Stations  (^) 

Figure  3*  Nacelle  Internal  Geometry  Schematic. 
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TABLE  7 

INTERNAL  GEOMETRY  CONSTANTS 

INLET 

D1 

Ai 

V*! 

IBM 

1-40-100 

2*97  in. 

.0482 

1.288 

.9318 

ra 

1-40-115' 

2.97  in. 

.0482 

1.288 

.9232 

m  I 

1-40-130 

2.97  in. 

.0482 

1.288 

.9120 

I 

1-50-100 

3.710-  &.250 

.0475 

1.308 

.8700 

TA  H 

EXIT  PLATE 

*3  1 

Aj/Ag 

V*5 

1.00 

3.125  in. 

.0532 

.860 

.7^1 

.0394 

.95 

2.970  in. 

.0482 

.776 

.725 

.0349 

.90 

2.810  in. 

.0431 

.695 

.707 

.0305 

.78 

2.440  in. 

.0325 

.523* 

.66l 

.0215 

0.00 

0.000 

.0000 

Tooo 

.000 

.0000 

o 

I>2  =  3*375  in.,  Ag  =  .0620  ft  ,  (engine  compressor  inlet  area) 
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Figure  4.  Model  Positioned  In  Test  Section 


Figure  5.  Model  Support  Structure. 
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1-40-1350  Nacelle 
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Notes : 

Afterbody  contour  identical  all  nacelles.  See  Fig.  11. 
1-40  forebody  contour.  See  Figure  9» 

Internal  dimensions  identical  all  nacelles.  See  Fig.  6. 


Figure  7»  Single  Nacelle  Comparisons. 
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1-50-100  Nacelle 


Afterbody  contour  Identical  all  nacelles. 


1-40  \ 
1-50  J 


forebody  contour.  See  Figure  9» 


See  Figure  11. 


Interned  dimensions  Identical  all  nacelles.  See  Figure  6. 
Centerbody  profiles  detailed  on  Figure  12. 


Figure  8.  Single  Nacelle  Comparisons 


Figure  9.  Nacelle  Forebody  Contours. 


Figure  10.  Nacelle  Forebody  Pressure  Tap  Locations. 
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Figure  11.  Nacelle  Afterbody  Contour  and  Pressure  Locations. 
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Figure  15*  Comparison  of  Fillets  for  Blc*de-Nacelle  Juncture. 


Figure  16.  Twin  Over-Under  Nacelle  With  and  Without 
Trailing  Edge  Wake  Fairing. 
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Pitch 


Test  section  boundary 


Test  Section  Boundary 


£  ~  / 


figure  20.  Bla.de  Alone.  Test  Runs  1  Through  5« 
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Figure  21.  Single  1- 40-100  Nacelle  and  Blade.  Runs  6  Through  62. 


Figure  22.  Comparison  of  l-ltO*XXX  Forebodies.  Runs  65  Through  92. 
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Runs  118  Through  132. 
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Figure  2.3.  Twin  1-1*0-100  Over  Under  Nacelle  and  Blade.  Runs  133  Through  157* 


Figure  26.  Ivin  1-40-100  Side-by-Side  Nacelle  and  Blade.  Runs  158  Through  187. 


Figure  27.  Internal  Support  Structure  -  Side-by-Side  Configuration. 
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Figure  28.  Compressor  Face  Inlet  Pressure  Tfep  Locations 
All  Single  Engine  Configurations. 
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«  Coaproaaor  Fui  lnlat  Praiaur*  Tap  Location* 
Of»r-tfnd«r  Configuration . 
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All  forces, momenta, 
and  angles  are  positive 
as  shown 


Figure  32.  Force  and  Moment  Reference  System,  Plan  and  Section  View 
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Figure  35.  Sait  Flow  Contraction  Ratiq  , 
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Figure  47.  Internal.  Side  Load  Coefficient  - 

1-40-115  Nacelle  Internal  Geometry 
. 95  Exit  Plate. 
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Figure  64.  Internal  Lift  and  Drag  Coefficients  - 
1-50-100  Nacelle  v/Spinner  Internal 
Geoaetry  -  .90  Exit  Plate. 
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Figure  65.  Internal  Side  Load  Coefficient  - 

1-50-100  Nacelle  v/Spinner  Internal 
Geometry  -  .90  Exit  Plate. 
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Figure  67.  Internal  Side  Load  Coefficient  - 

1-50-100  Nacelle  w/Spinner  Internal 
Geometry  -  .78  Exit  Plate. 
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5.2  Tuft.  Photos 


Tuft  photos  for  runs  188  through  197  are  given  in  Figures  68  through  79* 
These  photographs  were  taken  from  the  top  of  the  test  section. 


t 


9 


96 


“i 


Figure  66a:  Run  l86,  ct  = 


1  T 


Figure  6 8b:  Run  188,  a  =  0* 
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Figure  69a:  Run  188,  Ct  =  6. 


Figure  69b:  Run  188,  a  -  6. 
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Figure  70a:  Run  138,  a  =  12. 


Figure  7Cb:  Run  188,  a  =  12 


Figure  7Fb :  Run  189,  C£  =  6 
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Figure  71c :  Run  189 


Figure  72a:  Run  190,  a  =  0 
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Figure  72c :  Run  190 


Figure  73a:  Run  191,  at  =  0 


Figure  73b:  Run  191,  a  =  6. 
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Figure  73c: 


Figure  ?4a:  Run  192,  a  =  0 
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Figure  7^c:  Run  192 


Figure  75b :  Run  195 ,  a  =  6 
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Figure  75c :  Run  193 
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Figure  76a:  Run  19^ ,  a  =  0. 


Figure  76b:  Run  19^,  a  =  6. 
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Figure  j6c:  Run  19^,  CC  =  12. 
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Figure  77a:  Run  195 
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Figure  77c:  Run  195 


Figure  78a:  Run  196,  a  -  0. 


Figure  78b:  Run  196,  a  =  6. 
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Figure  T8c:  Run  196, 


Figure  79a:  Run  197,  a  =  0 


Figure  79b:  Run  197,  a  =  6. 
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Figui'e  79c  :  Run  197 
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6.0  APPENDIX 


6. 1  Strain-Gage  Balance  Reduction  Method 

6.1.1  Introduction 

A  strain-gage  wind-tunnel  balance  is  a  force  transducer  that  is  designed 
to  measure  the  aerodynamic  forces  on  a  wind-tunnel  model.  All  forces  and 
moments  produced  by  the  air  flow  or  weight  of  the  model  are  transferred 
to  the  supporting  structure  through  the  balance. 

Figure  450  indicates  the  sign  convention  and  typical  balance  calibration 
loading  stations  with  the  correct  output  signs  for  various  positive  loads 


Figure  4-50.  Typical  3alance  Calibration  Setup  and  Designations 


6.1.2  Theory 


The  strain-gage  balance  consists  of  six  temperature -compensated,  full- 
bridge,  strain-gage  circuits  mounted  zo  and  housed  in  a  suitable  structure 
lie  balance  under  discussion  is  of  the  ''two-moment"  type,  where  the  out¬ 
puts  of  two  oJrain-gage  bridges  provide  bending  moments  at  two  points, 
separate:,  by  a  known  distance.  A  given  pair  of  parallel  co-plenar  bend¬ 
ing  moment  vectors  can  be  caused  by  one  -  and  only  one  -  force  located 
at  a  fixed  position  relative  to  the  moment  vectors. 

When  the  balance  bridges  are  excited  by  a  constant  voltage^  a  pair  of 
strain-gage  bridges  produce  outputs  (R^  and  R2)  which  are  proportional 
to  the  pitching  moment  at  the  electrical  centers  of  bridges  R^  and  R^, 
respectively.  If  the  distance  between  the  electrical  centers  of  these 
bridges  is  known,  the  lift  force  and  its  location  with  respect  to  these 
electrical  centers  can  be  calculated.  From  this  may  be  obtained  the  fore 
and  moment  about  any  point.  The  side  load  and  yawing  moment  are  handled 
in  the  same  way  using  the  outputs  of  R*  and  Rl.  The  rolling  moment  and 
drag  are  directly  proportional  to  the  and  R^  outputs,  respectively. 

6.1.5  Calibration 

The  equipment  necessary  to  calibrate  a  strain-gage  balance  must  include: 

(1)  A  regulated  D.C.  voltage  power  source. 

(2)  A  suitable  millivolt  measuring  system  to  register  the  output  of 
the  bridges. 

(3)  A  suitable  balance  support  which  provides  accurate  adjustments  in 
the  balance  attitude. 

(4)  A  calibration  shell  which  provides  accurate  loading  points. 

(5)  An  accurate  level. 

(6)  Weights  and  weight  holders  which  allow  loads  to  be  applied  without 
inducing  unwanted  moments. 

The  balance  is  leveled  in  pitch  and  roll  with  the  calibration  equipment 
installed.  After  power  is  applied  and  a  steady-state  temperature  is 
reached,  all  bridge  outputs  are  recorded  or  balanced  to  zero.  Each 
bridge  is  loaded  in  sequence  with  several  weights  between  negative  and 
positive  full  load.  After  each  load  is  applied, the  balance  is  leveled 
to  compensate  for  deflection  and  the  output  of  all  bridges  is  recorded. 

Note  that  in  loading  the  pitch  and  roll  bridges,  the  weights  would  be 
applied  over  fore  and  aft  bridge  stations  with  the  balance  roll  position 
adjusted  to  provj.de  Fg,  F^,or  loading,  but  never  combining  loads 


(i.e.,  F  and  F  ).  It  is  also  evident  that  to  load  r.  positive  and 

c.  m  4 

negative  directions  the  balance  should  be  rotated  i "*1  degrees  and  the 
electrical  output  balanced.  In  this  war  the  loads  ar~  simple  weights 
with  no  mechanical  losses  due  to  pulleys  or  linkages. 

The  'balance  calibration  is  completed  when  the  slopes  (output  millivolts 
per  unit  load)  are  tabulated  for  all  bridge  outputs  with  each  primary 
load  application  (ikbles  8  and  9) • 
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6.1.4  Weight  'Dares 


The  weight  of  the  model  will  produce  an  output  from  one  or  more  bridges. 
These  outputs  can  be  electrically  balanced  ("zeroed")  or  subtracted  from 
the  wind-on  outputs. 

The  procedure  used  for  the  tip  turbojet  wind-tunnel  tests  was  to  period¬ 
ically  (and  after  each  model  change)  record  the  balance  weight  tare  out- 
*  puts  for  three  angles  of  attack  covering  the  angle  range.  These  weight 

tares  were  used  to  provide  an  equation  of  bridge  output  versus  angle  and 
the  bridge  weight  tare  was  subtracted  from  all  following  outputs.  The 
resulting  change  in  bridge  output  was  that  resulting  from  aerodynamic 
forces.  The  bridge  output  due  to  aerodynamic  loads  and  the  calibration 
#  data  provide  the  necessary  data  to  calculate  model  axis  coefficients. 

6.1.5  Interactions 

The  primary  load  application  produces  secondary  outputs  from  bridges 
which  are  not  loaded  (by  design) ;  these  secondary  outputs  are  termed 
interactions.  In  Table  8  each  primary  load  produces  one  primary  output 
and  five  secondary  outputs.  To  determine  the  load  from  the  six  bridge 
outputs,  the  output  on  one  bridge  due  to  the  load  on  another  bridge  must 
be  removed  before  the  primary  outprt  is  a  true  representation  of  the  pri¬ 
mary  load.  The  calibration  data  (Tables  8  and  9)  provide  the  numerical 
values  for  the  interactions,  and  it  is  a  simple  matter  to  remove  them 
mathematically.  The  interactions  are  in  essence  higher  order  terms  and 
removal  of  the  largest  or  largest  two  interactions  are. normally  suffi¬ 
cient  to  produce  balance  accuracy  within  the  overall  accuracy  of  each 
of  the  other  variables;  i.e.,  angle  of  attack,  model  detail  reproduction, 
etc.  The  equations  required  to  remove  the  interactions  from  the  balance 
output  will  be  obtained. 

When  an  aerodynamic  load  is  applied  to  the  model,  the  balance  produces 
output  voltages  R.  through  R^.  If  interactions  are  neglected,  the  R 
values  are  substituted  into  Equations  (28)  through  (}4) .  However,  if 
interactions  are  to  be  considered,  the  corrected  R  values  lust  be  used. 

Let  8  represent  any  interaction  coefficient  and  let  the  superscript  rep¬ 
resent  the  influenced  output  while  the  subscript  denotes  the  influencing 
component.  Thus,  8^"  is  the  R,  influence  coefficient  to  be  applied  to 
the  R^  output. 

The  influence  coefficient  is  the  ratio  of  the  secondary  output  to  the 
primary  output  produced  by  a  unit  load  on  a  bridge.  The  8  values  are 
independent  of  loading  and  are  determined  from  the  calibration  data. 

The  product  of  an  influence  coefficient  and  the  corresponding  strain- 
gage  output  voltage  results  in  a  correction  that  is  applied  to  an  output 
designated  by  the  superscript. 


•  ^95 


i 


Therefore : 


~3  3 


rr.v.  uni*  F, 

■  ,  — t r  - -  x  R,  output  voltage 


R,  mv./unit  F, 


ant 


o,1  h7 

i>  ^ 


_ R.  (mv. }  due  to  the  loading 

d  u 


It  is  normally  sufficiently  accurate  to  consider  only  the  two  largest 
interactions;  however,  the  complete  expression  for  the  corrected  output.. 


are  as  follows : 

R1C  -  Bi  -  52  R2  -  65  BJ  -  bk  \  ■  65  s5  -  661b6 

«2C  =  B2  -  -  6j2  Rj  -  6^  -  -  B62fl6  (X) 

Rjc  =  Rj  -  &15R1  -  625R2  -  &^RU  -  -  b}  R^  (21) 

Kl.c  "  Ru  -  b\1  -  B2'*  R2  -  C  R,  -  Bj  S5  -  B64  H6  (22) 

R?C  ’■  B5  -  815ri  -  625  B2  -  835r3  -  5k  B»  -  865r6  (23) 

«6c  -  r6  ■  51  B1  •  826r2  -  B3  -  6h  \  -  85%  <2!*  > 

6.1.6  Nacelle  Balance;  Balance  Axis  Forces  and  Moments 


Figure  1*51  represents  a  cross  section  through  the  strain-gage  balance  and 
shows  schematically  the  forward  R^  and  aft  R2  bending  bridges.  With  the 
force  F  applied  at  x,  the  bending  moment  at  R^  and  R2  can  be  calculated. 


M1  = 

-Fx 

(23) 

M2  “ 

-Fx  + 

Fai 

(26) 

M2- 

Fai 

Fai 

*2’ 

Mi 

Let 

M  = 

KR 

Then 

FE1  = 

K2R2 

-  KiRi 

ten 

and 

II 

II 

r— 1 

•s 

*5 

By  using  two  calibration  loading  stations  which  are  a  known  distance 
apart,  the  change  in  moment  per  change  in  output,  or  sensitivity  coeffi¬ 
cient  (K),  can  be  obtained. 


A  Wing 
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Loading  Condition 

"A" 

"S'* 

F 

1.0 

"»  r-: 

F  applied  at  station 

-2.00  (Fx) 

+2.0C  (f5) 

R^  (output) 

-.069664 

- . GGGClc 

R2  (output) 

+.0082905 

+ .C69OIC 

AM  =  (Mg  -  Ma) 

+4.00 

+4.00 

Ah  -  (Rg  -  Ra) 

+  .069648  =  ar 

+.0607195  = 

„  AM 

K  =  AR 

+57.43166  =  K 

+65.87669  = 

Therefore,  from  equation  (27)  and  loading  condition  "A": 

^2^2  ”  ^1^1 

an  =  - - -  and  F  =  unit  load 

X  r 

&  =  65. 87669 (.CO82905)  -  57. 43l66(-. 069664)  -  4.54707  in. 

The  position  of  the  electrical  centers  of  the  bridge  can  be  found  vith 
respect  to  the  balance  calibration  stations.  From  Equation  (25): 


x  = 


F 


*1*1 


=  -57.43166  R  /F 


For  F  applied  at  station  2.0,  loading  condition  B  :  x  =.e^ 

eL  =  -57.43166  r-s^6 ) 


e,  =  +.C0092  in. 


The  electrical  center  of  the  forward  pitch  bridge  (R,  )  is  located  at 
balance  station,  2  -  e^  =  1.99908* 

The  pitching  moment  about  balance  calibration  shell  station  0.00  is: 

M  =  F  JL  and  JL  =  1.99908  -  x 
o  1  1 

1.99906  F  +  RjK-jF/F  --  1.99906F  +  R  Kx 
%  •  *1*1 


M  = 
o 


But 

and 


(28) 


M  = 
o 


1 

1.99908 


(R2K2  -  R  Kl)  +  R,KX 
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This  equation  can  be  written  in  general  terns  for  the  moment  about  any 
balance  equation. 


M  * 
sta . 


=  (  1-999CP  -  sta. 
V  a. 


)  (H2K2  '  Vl> 


os; 


The  model  axis  moments  are  resolved  about  the  quarter-chord  axis  of  the 
blade.  The  blade  quarter  chord  is  located  at  station  -1.062  of  the  na¬ 
celle  balance.  The  equation  for  the  moment  about  the  blade  quarter  chord 
is  then. 


V 

“i/ 


'4 


chord 


chord 


=  f 1-99903  -  (1.062) 


a. 


j< 


Va  - 


**1*1 


■  <  Vi  -  Vi>  *  Vi 


(30) 


To  determine  side  load  and  yawing  moment,  the  process  is  repeated  using 
the  R,  and  outputs  instead  of  the  R,  and  R^  outputs.  This  results  in 
the  following  equations: 


=  57-01904 
Kh  =  68.3^920 
a^  =  4.53902  in. 

,  .  Vk-  5*3 

a3 


(3D 


The  yawing  moment  equation  is  derived  in  the  same  manner  as  was  the 
ing  moment. 


e 


3 


*Sr3  _  - 57. 0190M +.00000) 

F  1.000 


0.0000 


pitch- 


electrical  center  is  at  balance  calibration  shell  station: 
2.0  -  e  =  2.00000 


and  the  yawing  moment  is: 

tfo  *  F5  V 2 ' x 
Bo  *  \  <  Vt  •  V9  +  ¥3 

In  general  terms  about  any  balance  calibration  station  (sta.): 


.  (  ^POOOC.-  .sto,  \  , 
sta.  \  a^  /  4  4 


VS’  3  rjk3 


(32) 


The  drag  and  rolling  moment  are  directly  proportional  to  the  and  Rt 
outputs . 
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D  =  R6K6  (33) 

=  ""3039  ~  4.34047  Ib/rav. 

R  -  RX  (34) 

3  j 

S  *  sw  * 15 • 59717 


Hie  influence  coefficients  which  influence  the  R,  output  are  calculated 
from  the  calibration  data  (Table  8),  as  an  example. 


8„ 


S 


-.16023  x  10" 
+.69010  x  10' 1 

+.66 934  x  10  ^ 
-.70 152  x  10~~ 


=  -.00023 


«  -  .0095+ 


5/ 

4 


&: 


.00000 

+.66^09  x  10 

-.46012  x  IQ" 
+.64947  x  10 

+  .13734  x  10 
+.23039  x  10° 


=  0.00000 


=  -  .00739 


-  +.00006 


'llie  forces  (Equations  -28,  31,  and  33)  and  the  momen's  (Equations  29,  32, 
and  34)  can  be  transferred  to  any  desired  axis  or  point.  The  general 
practice  is  to  transfer  from  model  axis  to  wind  axis. 


Note  that  if  the  balance  is  supported  on  the  forward  end  and  loaded  cn 
the  aft  end,  as  was  the  case  for  the  nacelle  balance,  the  balance  out¬ 
puts  must  all  be  changed  in  sign. 


6.1.7  Elade  Quarter- Chord  Baier.ce;  Balance  Axis  Forces  and  Moments 

Figure  4b2  represents  a  cnpss  section  through  the  blade  quarter- chord 
strain-gage  balance  and  shows  schematically  the  forward  R^  and  aft 
bending  bridges.  With  the  force  F  applied  at  x,  the  bending  moment  at 
R^  and  R0  can  be  calculated  as  was  done  for  the  nacelle  balance. 

Ml  =  "Fx 

M2  -  -13c  +  Fa  (36) 
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and 


K£R£  -  KJR{ 


Repeating  the  calculations  for  the  side  load  and  yawing  moment : 

Kj  =  69-63897  mv/in-lb. 

=  85-67750  mv/in-lb. 
at  =  V. 21868  in. 


(39) 


*3 


sta 


Y  - 


e^  =  -.00342  in. 

k  2.00342  -  sta.  ptvtv  *  r'K* 

tf  W  -  S  y  3  3 

R'K.'  -  R'K* 

JJi _ JL3 


(40) 

(41) 


The  rolling  moment  is  directly  proportional  to  the  Rl  output. 

Rolling  moment  *  R'K' 

5  5 


K' 

5 


.22201  x  10 


-1 


45.04302  in-lb/mv. 


(42) 


Blade  quarter-chord  balance  is  installed  in  the  model  with  the  balance 
axis  along  the  blade  quarter-chord  line.  The  balance  lift  represents 
total  aerodynamic  lift  on  the  model,  and  the  balance  side  load  (Y)  is 
the  total  model  drag.  The  pitching  moment  and  yawing  moment  could  be 
used  to  find  the  center  of  lift  and  drag,  respectively;  however,  this 
information  is  not  used.  The  balance  rolling  moment  is  the  total  model 
pitching  moment  about  the  quarter-chord  line. 

After  removing  the  interactions,  Equation  (39)  gives  total  model  lift, 
and  Equations  (41 )  and  (42)  give  the  total  drag  and  pitching  moment. 


6. 2  Nacelle  Airloads  at  Typical  Forward  Flight  Condition 

The  following  discussion  is  presented  for  the  purpose  of  illustrr"*ng 
the  method  used  to  determine  nacelle  airloads  as  they  vary  with  blade 
azimuth  position  during  forward  flight.  The  configuration  used  is  a 
single  engine  nacelle  with  a  conical  spinner  and  no  nacelle  exit  restric¬ 
tion.  Any  other  nacelle  configuration  could  be  used  as  well  since  Jbis 
is  only  intended  to  be  a  sample  calculation. 


Figure  453  shows  a  plan  view  of  the  rotor  disk  with  a  blade  located  in 
a  general  azimuth  position,  ji,  where  w  is  measured  in  the  direction  of 
rotor  rotation  from  the  aft  position  of  the  rotor  disk. 


501 


Figure  453.  Plan  View  of  Rotor  Disk  in  Forward  Flight. 


It  can  he  seen  from  Figure  453  that  the  relative  yaw  angle  of  the  nacelle 
at  any  azimuth  angle  is  given  by  the  following  expression: 


0 


-arc tan 


V  cos  * 

Rfl  +  V  sin  t 


(*3) 


where:  V  =  forward  flight  speed,  f.p.s. 

RQ  =  rotor  tip  speed,  V,p,  f.p.s. 

Equation  (43)  shows  that  0  Is  positive  for  ^  between  90  degrees  and  270 
degrees  and  negative  for  ijf  between  270  degrees  and  90  degrees  as  the 
blade  traverses  the  azimuth. 


So  that  interpolation  of  wind-tunnel  data  is  not  necessary,  two  values 
of  advance  ratio,  p,  are  calculated  for  which  0  varies  between  +10  de¬ 
grees  and  -10  degrees  at  Pt  and  for  which  3  varies  between  +20  degrees 
and  -20  degrees  at  p^.  Equation  (43)  states  the  maximum  positive  0  oc¬ 
curs  at  ^  =  l80°  and  so  p.  and  p  can  be  calculated  as  follows: 

1  "  \ 


t 
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* 


* 


or 


V  +  V  sin  160° 
cos  160° 


tan  3  = 


+VT  tar  3 


p  =  tar  3 

p^  =  tan  1C°  =  G.176 

\i2  =  tar  20°  =  G.56J; 


The  resultant  velocity  vector  at  the  nacelle  shown  in  Figure  U53  corre¬ 
sponds  to  the  velocity  vector  in  the  wind-tunnel,  and  so  the  dynamic  pres¬ 
sure  at  any  azimuth  position  is  given  by  the  following  expression: 

qo=  |p(v|  +  2VTVsin  *  +  V^in2*  +  ^cos2* ) 

-  |  p(V2+  2VTVsin  «  +  V2) 

=  |  P  V2  (1  +  2p  sin  *  +  0**0 

where:  p  =  air  density,  .002378  slugs/ft^ 

p  =  advance  ratio,  7/V^ 


In  order  to  complete  the  description  of  the  aerodynamic  environment  of  the 
nacelle,  some  assumption  must  be  made  which  defines  the  pitching  angle  of 
attack  of  the  nacelle  with  the  resiltant  velocity  vector.  No  attempt 
will  be  made  to  define  any  of  the  parameters  needed  to  determine  the 
nacelle  angle  of  attack  as  a  function  of  azimuth  (i.e.,  collective  pitch 
settings,  cyclic  pitch  settings,  blade  twist,  blade  flapping  angles,  etc.), 
but  instead  a  rational  variation  of  pitch  angle  with  azimuth  is  assumed. 
Nacelle  pitching  angles  of  attack,  a.  are  assumed  to  he  6  ,  0  ,  6  ,  and 
12°  for  blade  azimuth  positions  of  0  ,  90°,  l80°,  and  270°,  respectively. 

The  force  measurements  in  the  wind-tunnel  resolved  the  nacelle  lift,  drag 
and  side  forces  into  vectors  in  either  of  two  axis  systems,  a  model  axis 
system  and  a  stability  axis  system.  This  analysis  is  intended  to  show 
the  nacelle  airloads  as  they  are  oriented  with  respect  to  the  rotor  disk 
axes  and  so  the  wind-tunnel  stability  axis  system  coeffi  ients  are  used. 

The  nacelle  pitching,  rolling, and  yawing  moments  are  not  calculated  in 
this  example  since  they  are  of  less  interest  than  the  forces. 

Before  proceeding  with  the  force  calculations,  it  is  well  to  summarize 
the  formulas  and  reference  areas  which  will  be  used.  The  wind-tunnel 
force  coefficients  were  derived  using  the  following  formulas: 


Lift 

force : 

L  = 
s 

=  CL^ 

(2) 

Drag 

force : 

Ds  = 

’  cd?ar 

(1) 

Side 

force : 

Y  = 
s 

CYqAR 

00 
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where  A^  was  the  area  of  blade  (supporting  the  nacelle)  which  projected 
into  the  tunnel.  This  area  changed  with  yaw  angle  as  described  in  Sec¬ 
tion  3.4.2  of  this  report. 

Equations  (2),  (l),  and  (4)  define  the  total  forces  including  those  which 
result  from  air  flow  through  the  nacelle.  These  forces  due  to  air  flew 
through  the  nacelle  were  also  determined  so  that  they  could  be  subtracted 
from  the  total  forces  to  give  only  the  lift,  drag  and  side  forces  due  to 


external  air  flow, 
using  the  following 

The  nacelle 
formulas : 

internal  force 

coefficients  were  derived 

Lift  force: 

L’  -  CL  *** 

(45) 

Drag  force: 

D’  -  ci 

(46) 

Side  force: 

r  =  4  ^ 

(47) 

The  force  coefficients  defined  by  Equations  (l),  (2),  (4),  (45),  (46)^  and 
(47)  are  based  upon  an  area  and  dynamic  pressure  which  change  with  blade 
azimuth  position.  In  this  form  the  coefficients  for  the  four  azimuth 
positions  cannot  be  directly  added  or  algebraically  manipulated.  If, 
however,  all  of  the  coefficients  are  revised  so  that  they  are  based  upon 
an  area  and  "reference"  dynamic  pressure  which  are  common  to  br-*-v  the 
model  end  full  size  nacelle,  direct  comparisons  can  be  made.  Tht.  refer¬ 
ence  area  is  chosen  to  be  the  compressor  Inlet  area,  designated  Aj,  and 
the  reference  dynamic  pressure  is  chosen  to  be  pV^/2,  designated  q^,. 

Subtracting  Equation  (45)  from  Equation  (2)  and  rearranging  gives: 


c,  -  c;  .  L-  L’ 

I J  L 


L  -  L' 


or 


CL  -  Ci  - 


qAR  5  pVj  (1+  2n  sin  *  + 

_ L  -  L' _ 

qT  Ar(1  +  2\i  sin  *  +  p2) 

L-L' 


Since  it  is  desired  to  define  CT "  =  . 

L 

it  is  obvious  that 


CT"  =  (CT  -  CJ  )(1  +  2(i  sin  *  +  p' )  . 

L  L  L  Aj 


(48) 


1 


f 


Equation  (48),  then,  is  the  nacelle  lift  coefficient  due  to  external  air¬ 
flow  and  is  based  upon  compressor  inlet  area,  A^,  and  dynamic  pressure 
pV^/2.  A  similar  modification  of  the  drag  and  side  force  coefficients  * 

yields  the  following  formulas: 
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(49) 


2  \ 

V  =  (CD  '  ci)(l  +  sin  *  +  ^ 

o  K 

CY"  =  (Cy  -  C£)(l  +  2n  sin  *  +  »T)  ^  (50) 

Table  10  summarizes  the  nacelle  aerodynamic  environment  at  the  four  azi¬ 
muth  positions  c.hosen  for  this  example  and  presents  the  lift,  drag,  and 
side  force  coefficients  defined  by  Equations  (l),  (2),  (4),  and  (1*5)  through 
(50).  The  run  numbers  refer  to  the  wind-tunnel  runs  which  pertain  to  the 
nacelle  configuration  and  (3  values  which  have  been  assumed. 


NACELLE  LIPP, 

TABLE  10 

DRAG  AND  SIDE  FORCE  COEFFICIENTS 

Advance 

Ratio 

=  0.176 

m2 

0.564 

Run  No. 

131 

130 

129 

130 

132 

130 

'■  --  — n 

- 128 

15c 

* 

0° 

90° 

180° 

rv> 

-j 

0 

0 

0° 

90° 

180° 

270° 

a 

6° 

0° 

6° 

12° 

6° 

c° 

6° 

12° 

0 

-10° 

0° 

+10° 

0° 

-20° 

0° 

+20° 

0° 

*R  (ft2) 

2.307 

2.470 

2.617 

2.470 

2.119 

2.470 

2.760 

2.470 

( ft  ) 

•  0c20 

CL 

.0280 

-.0055 

.0520 

.0910 

.0110 

-.0055 

.0530 

.0910 

CD 

.0205 

.0250 

.0325 

.0445 

.0065 

.0250 

.0525 

.0445 

CY 

.0370 

.0110 

.0050 

.0400 

.0645 

.0110 

-.0125 

.0400 

■B 

.002 6 

0 

.0025 

.0048 

.0026 

C 

.0020 

.0048 

.0040 

.0056 

.0055 

.0046 

.0040 

.OO56 

.0051 

.0046 

wm 

.0051 

0 

-.0045 

0 

.0104 

0 

-.0080 

0 

CL 

•  97 

..50 

2.16 

2.33 

.33 

-.41 

2.57 

1.39 

V 

.63 

1.18 

1.26 

1.08 

.10 

1.59 

1.48 

.64 

V 

1.22 

.  61 

.33 

1.08 

2.09 

.82 

-.23 

.64 
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The  drag  and  side  force  coefficients,  Cp"  and  Cy",  in  Thbie  10  are 
plotted  as  vectors  in  Figure  454  for  advance  ratios  of  O.176  and  0.}6k. 

It  is  immediately  obvious  that  the  nacelle  side  forces  contribute  a  net 
in- plane  drag  force  for  the  rotor  blade  locations  shown.  If  similar 
calculations  to  those  of  Ihtle  10  were  done  for  the  blades  in  intermed¬ 
iate  positions  (i.e.,  ^  =  45°,  135°>  225°,  and  515°),  a  plot  of  the  fore 
and  aft  components  of  side  load  versus  azimuth  would  reveal  a  4-cycle- 
per- revolution  varying  load  which  could  be  integrated  to  give  an  aver¬ 
age  in-plane  drag  force  during  forward  flight. 

Figures  455  through  459  are  graphs  of  axial  pressure  distribution 
along  the  nacelle  surface  for  two  single-engine  configurations: 

1-40-100  and  1-50-100  (conical  spinner) . 

The  pressure  distributions  shown  are  representative  of  four  blade  azi¬ 
muthal  positions:  f  =  0°,  90°,  100  ,  and  273° •  At  each  azimuth  the 
blade  angle  of  attack  is  representative  of  that  encountered  in  forward 
flight:  a  =  6°  at  ▼  =  0°  and  ld0°;  a  =  0°at  f  =  90°;  and  a  =  12°  at  r 
=  270°. 

Since  the  sideslip  angle  on  the  nacelle  is  characteristic  of  the  vector 
combination  of  the  forward  flight  velgcity  V  and  blade  tip  speed  VT  in 
any  azimuth  except  fj  =  $0  or  Tj  =  270°,  pressure  distributions  at  the 
100°  and  0°  azimuth  positions  are  shown  for  two  different  advance  ratios, 
H  =  .176  and  u  =  .364,  on  the  1-5Q-100  nacelle. 

Figures  46l  through  464  show  representative  plots  of  the  inlet  total 
pressure  recovery  and  the  mean  variation  of  these  recoveries  about  the 
average.  Plots  are  presented  for  four  selected  inlets  at  two  advance 
ratios.  The  inlet  total  pressure  recovery  is  an  area  weighted  compres¬ 
sor  inlet  station  total  pressure  to  freestream  total  pressure  ratio,  and 
has  a  value  of  1.0  for  reversible  flow.  Die  mean  variation  in  total 
pressure  recovery  about  the  average  is  obtained  by  numerically  summing 
the  individual  deviations  from  the  average  area  weighted  total  pressure 
and  dividing  by  the  average  value;  this  has  a  value  of  zero  for  uniform 
total  pressure.  The  superiority  of  the  inlet  with  the  centerbody  (Fig¬ 
ure  462),  particularly  at  high  advance  ratios,  is  clearly  evident. 
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Figure  USl*.  Nacelle  Drag  and  3  Ida  Force  Coefficients 
for  Hj-0.176  and  M2«0.3$u 
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Figure  ^6l.  Pressure  "Recovery  at  Compressor  Ys.ce  for 
Inlet  1-1*0-100. 
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Figure  464.  Pressure  recovery  at  Owspressor  Face  for 
Twin  Over-Unler  1-40-100  Iulet*. 
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6.2.1  Comparison  of  Wind-Tunnel  Nacelle  Drag  to  Parametric  Study  Values 


It  is  advantageous  to  compare  wind-tunnel  drag  coefficients  for  various 
nacelle  configurations  vith  the  values  used  in  Reference  5  for  the  para¬ 
metric  study  so  that  (l)  the  applicability  of  the  assumptions  in  Refer¬ 
ence  5  can  be  evaluated  and  (2)  improvements  of  nacelle  designs  from 
those  used  in  the  wind  tunnel  can  be  made . 


The  drag  data  derived  from  the  wind-tunnel  tests  have  been  revised  so 
that  the  reference  area  for  drag  calculations  is  the  nacelle  frontal 
area,  designated  Ap.  Hie  reason  for  this  is  that  a  direct  comparison 
can  be  trade  with  published  literature,  such  as  Reference  6,  which  nor¬ 
mally  use  frontal  area  of  streamlined  bodies  as  a  reference.  The  para¬ 
metric  study  of  Reference  5  uses  compressor  inlet  area  as  a  reference, 
and  so  the  nacelle  drag  equation  will  have  to  be  altered  as  follows: 

From  paragraph  6.1,  Reference  5,  the  nacelle  drag  is  assumed  to  be 

D  =  |  PV2(60i  +  &2Tc4  +  52i^  )AI  (51) 


where:  Cj^  =  blade  lift  coefficient,  5.733 

3  =  nacelle  pitch  angle  of  attack,  rad. 


{3  =  nacelle  yaw  angle  of  attack,  rad. 

2 

Aj  =  compressor  inlet  area,  ft 


The  parametric  study  uses  an  Aj  =  1.04  feet  (per  engine)  and  an  Aj,  = 
4.91  feet  (per  engine).  Since  the  ratio  A^/Ap  remains  about  the  same 
for  both  a  single  nacelle  or  a  doable  nacelle,  Equation  (51)  can  be  re¬ 
written  as  follows: 

r  /  At  ,  ,  At,  j  A , 


D  = 


Evaluating  the  drag  coefficient  of  Equation  (52)  using  the  60  ,  &2^,  and 
&2j  values  listed  in  Ihble  1,  Reference  5,  for  a  four-bladed  rotor  gives 
the  following  formulas  based  on  nacelle  frontal  area: 

Cp  =  .060  +  .695^  +  1.059f^  (twin  over-under  nacelle)  (53) 

cD  =  .059  +  1.045a2  +  .68  ^}2  (twin  side-by-side  nacelle)  (54) 

=  .056  +  .833a2  +  .8l5S2  (single  nacelle)  (55) 

It  is  convenient  to  compare  nacelle  drag  coefficients  from  wind-tunnel 
data  to  those  of  Equations  (53),  (5*0,  and  (55)  by  holding  first  one 
angle  constant  while  varying  the  other  and  then  reversing  the  process. 
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This  has  been  done  and  the  results  are  shown  in  Figures  46^ ,  466,  and 
46?  for  two  single- nacelle  configurations,  a  twin  over-under  nacelle, 
and  a  twin  side-by-side  nacelle,  respectively. 

The  results  of  this  comparison  show  two  things.  It  is  immediately 
obvious  that  the  drag  of  the  wind-tunnel  models  is  approx  irately  dour.  1 
that  used  in  the  parametric  study  for  the  engine  Q£  range  and  the  posi¬ 
tive  0  range.  The  second  observance  of  importance  is  that  the  drag 
curve  for  varying  yaw  angle  is  not  symmetrical  about  0=0  as  is 
assumed  in  Reference  5-  This  lack  of  symmetry,  of  course,  is  due  to 
the  presence  of  the  rotor  blade  on  the  inboard  side  of  the  nacelle. 

Although  achieved  drag  of  the  nacelle  is  in  excess  of  that  assumed  in 
Reference  5,  it  is  felt  that  the  assumed  values  can  be  achieved.  Tuft 
studies  showed  that  the  flow  over  the  aft  portion  of  the  blade  t.p  ard 
the  aft  inboard  part  of  the  nacelle  was  separated  and  therefore  produc 
ing  excessive  drag.  Figure  469  shows  that  considerable  reduction  in 
drag  can  be  expected  before  reaching  levels  of  drag  of  streamlined  na¬ 
celles  cf  similar  wetted  area.  Wind-tunnel  tests  would  be  necessary 
to  insure  that  improved  nacelles  meet  assumed  levels  of  drag. 
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